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$EVWUDFW
6PDOO KHDW VKRFN SURWHLQV DUH$73LQGHSHQGHQW PROHFXODU FKDSHURQHV 7KHLU IXQFWLRQ LV WR
ELQGSDUWLDOO\XQIROGHGSURWHLQVXQGHUVWUHVVFRQGLWLRQV In vivoPHPEHUVRI WKLVFKDSHURQH
IDPLO\ DUH NQRZQ WR SUHIHUHQWLDOO\ DVVHPEOH WRJHWKHU IRUPLQJ ODUJH SRO\GLVSHUVH
KHWHURROLJRPHUV 7KH H[DFW PROHFXODU PHFKDQLVPV WKDW GULYH VSHFLILF KHWHURDVVRFLDWLRQ DUH
FXUUHQWO\XQNQRZQ+HUHZHVWXG\WKHROLJRPHUVIRUPHGEHWZHHQKXPDQ+63%DQG+63%
8VLQJ VPDOODQJOH ;UD\ VFDWWHULQJ ZH FRXOG FKDUDFWHUL]H WZR GLVWLQFW KHWHURROLJRPHULF
VSHFLHV SUHVHQW LQ VROXWLRQ %\ HPSOR\LQJ QDWLYH PDVV VSHFWURPHWU\ ZH VKRZ WKDW VXFK
DVVHPEOLHVDUHIRUPHGSXUHO\IURPKHWHURGLPHULFEXLOGLQJEORFNV LQ OLQHZLWKHDUOLHUFURVV
OLQNLQJ VWXGLHV &UXFLDOO\ D GHWDLOHG DQDO\VLV RI WUXQFDWLRQ YDULDQWV UHYHDOV WKDW WKH
SUHIHUHQWLDO DVVRFLDWLRQ EHWZHHQ WKHVH WZR V+63V LV VROHO\PHGLDWHGE\ WKHLU GLVRUGHUHG1
WHUPLQDOGRPDLQV
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+(:/KHQHJJZKLWHO\VR]\PH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
6PDOOKHDWVKRFNSURWHLQVV+63VDUHDQLPSRUWDQWIDPLO\RIFKDSHURQHVLQYROYHGLQ
WKH SURWHLQ TXDOLW\ FRQWURO QHWZRUN >@ )XQFWLRQLQJ LQ D IXOO\$73LQGHSHQGHQW PDQQHU
V+63V GHWHFW DQG FDSWXUH SDUWLDOO\ XQIROGHG SURWHLQ VSHFLHV PDLQWDLQLQJ VXFK HQWLWLHV LQ D
VROXEOH VWDWH >@ $OWKRXJK V+63V KDYH D ORZ PRQRPHULF PROHFXODU ZHLJKW W\SLFDOO\
DURXQG N'D WKH PDMRULW\ RI PHPEHUV RI WKLV IDPLO\ IRUP KLJK PROHFXODU ZHLJKW
SRO\GLVSHUVHROLJRPHUVWKDWGHPRQVWUDWHUDSLGVXEXQLWWXUQRYHU>@$GGLQJWRWKLVVWUXFWXUDO
FRPSOH[LW\ LW LV DOVR UHFRJQL]HG WKDW V+63 RUWKRORJXHV ZLWKLQ DQ RUJDQLVP FDQ IRUP
KHWHURROLJRPHUV>±@7KHGLIIHUHQWLDOVWUXFWXUHDQGDFWLYLW\RIVXFKHQWLWLHVWKRXJKLVSRRUO\
XQGHUVWRRG
+XPDQV HQFRGH WHQ V+63 KRPRORJXHV >@ VHYHUDO RI ZKLFK DUH NQRZQ WR IRUP
KHWHURROLJRPHUV >@ 7KH EHVW FKDUDFWHUL]HG KHWHURDVVHPEO\ LV ĮFU\VWDOOLQ D FRPSOH[
FRPSULVHGRIDUDWLRRIĮ$DQGĮ%FU\VWDOOLQ>@$OWKRXJKSUHVHQWLQWKLVSURSRUWLRQ
LQPRVWYHUWHEUDWHOHQVHVin vitroWKHVHWZRV+63VIRUPPL[HGROLJRPHUVZLWKVXEXQLWUDWLRV
WKDW UHIOHFW WKH DPRXQW RI HDFK XVHG >@ &RQWUDVWLQJ ZLWK WKLV EHKDYLRU FHUWDLQ V+63V
IRUP KHWHURROLJRPHUV WKDW DUH DOZD\V FRPSRVHG RI D IL[HG SURSRUWLRQ RI WKH FRQVWLWXHQW
FKDLQV)RULQVWDQFHZKHQFRH[SUHVVHG+63%DQG+63%IRUPKHWHURFRPSOH[HVFRQWDLQLQJ
WKHUHVSHFWLYHV+63VLQDVWULFWUDWLR>@
,Q WKLV VWXG\ZH IRFXVRQ WKHFRPSOH[ IRUPHGEHWZHHQKXPDQ+63%DQG+63%
7KHVHWZRV+63VDUHERWKKLJKO\H[SUHVVHGLQPXVFOHWLVVXHDORQJVLGH+63%DQG+63%
>@,QGHHG+63%DQG+63%ZHUHRULJLQDOO\LGHQWLILHGDVDFRSXULI\LQJFRQWDPLQDQWV
ZKHQLVRODWLQJ+63%IURPKXPDQERYLQHDQGUDWVNHOHWDOPXVFOH>@$ORQHWKHVHWZR
V+63VDUH IRXQGDVGLVWLQFWO\GLIIHUHQW DVVHPEOLHV+63% IRUPV ODUJHROLJRPHUV W\SLFDOO\
REVHUYHG DPRQJVW UHSUHVHQWDWLYHV RI WKLV IDPLO\ RI FKDSHURQHV ZKLOH +63% RQO\ IRUPV
GLPHUV LQ VROXWLRQ >±@ 3UHYLRXV VWXGLHV RI WKH KHWHURROLJRPHUV IRUPHG EHWZHHQ
UHFRPELQDQW+63%DQG+63%KDYHVKRZQWKDWWKH\DUHFRQVLGHUDEO\PRUHSRO\GLVSHUVHLQ
VL]HWKDQWKHFRPSRQHQWV+63VZLWKDPROHFXODUZHLJKWWKDWVSDQVWKHUDQJHEHWZHHQWKHWZR
LQGLYLGXDO SURWHLQV >@ 7KH KHWHURROLJRPHU LV FRPSRVHG RI HTXLPRODU DPRXQWV RI HDFK
V+63 D UHODWLYH UDWLR WKDW LV IL[HG LQGHSHQGHQW RI WKH DPRXQW RI HDFK V+63 DGGHG WR WKH
PL[WXUH >@ ,PSRUWDQWO\ VWXGLHV XVLQJ GLVXOSKLGH FURVVOLQNLQJ KDYH VKRZQ WKDW WKHVH
ROLJRPHUVDUHSULQFLSDOO\FRPSRVHGRIKHWHURGLPHUVVXJJHVWLQJDSUHIHUHQWLDODVVRFLDWLRQRI
+63%DQG+63%>@


&XUUHQWO\ WKH GULYLQJ IRUFH EHKLQG WKH VSHFLILF VXEXQLW GLPHUL]DWLRQ RI +63% DQG
+63% LV XQNQRZQ +HUH ZH HPSOR\ D YDULHW\ RI ELRSK\VLFDO WHFKQLTXHV VXFK DV VL]H
H[FOXVLRQ FKURPDWRJUDSK\ 6(& VPDOODQJOH ;UD\ VFDWWHULQJ 6$;6 DQG QDWLYH PDVV
VSHFWURPHWU\ 06 WR IXOO\ FKDUDFWHUL]H WKH ELRSK\VLFDO SURSHUWLHV RI WKH +63%+63%
KHWHURFRPSOH[DWSK\VLRORJLFDOO\UHOHYDQW WHPSHUDWXUHV%\XVLQJWUXQFDWLRQVZHDOVRVKRZ
WKDW WKH 17'V RI WKHVH SURWHLQV UHJLRQV WKDW DUH W\SLFDOO\ YLHZHG DV SRRUO\ FRQVHUYHG DQG
XQVWUXFWXUHGDUHHVVHQWLDOIRUGLFWDWLQJWKHVSHFLILFDVVRFLDWLRQEHWZHHQ+63%DQG+63%

0DWHULDOVDQGPHWKRGV

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7KHSUHYLRXVO\GHVFULEHGVPDOOXELTXLWLQPRGLILHU6802IXVLRQVRIKXPDQ+63%
DQG +63% >@ ZHUH XVHG DV D 3&5 WHPSODWH IRU WKH JHQHUDWLRQ RI WKH WZR 1WHUPLQDO
GHOHWLRQFRQVWUXFWV+LVWDJJHG6802IXVLRQH[SUHVVLRQFRQVWUXFWVFRUUHVSRQGLQJWRUHVLGXHV
WRRI+63%+63%ǻ1DQGUHVLGXHVWRRI+63%+63%ǻ1ZHUHFUHDWHG
E\FORQLQJ WKHDPSOLILHG WDUJHW VHTXHQFH LQWRS(7+68/ >@XVLQJ WKH ,Q)XVLRQFORQLQJ
NLW&ORQWHFK/DERUDWRULHV$&'FRQVWUXFWVRIERWK+63%DQG+63%KDYHEHHQUHSRUWHG
HDUOLHU >@ $OO FRQVWUXFWV ZHUH GHVLJQHG VXFK WKDW XSRQ FOHDYDJH RI WKH OLQHDUO\ IXVHG
6802FKLPHUDZLWK UHFRPELQDQWO\SURGXFHG6802VSHFLILFK\GURODVHQRDGGLWLRQDOQRQ
QDWLYHUHVLGXHVZRXOGEHSUHVHQWRQWKHWDUJHWSURWHLQ

([SUHVVLRQDQGSXULILFDWLRQ
:LOGW\SH+63%DQG+63% WKH$&'DQG1WHUPLQDOGHOHWLRQFRQVWUXFWVZHUHDOO
H[SUHVVHGDVSUHYLRXVO\GHVFULEHG>@%ULHIO\WKHFRQVWUXFWVZHUHWUDQVIRUPHGLQWRWKHE. 
coli 5RVHWWD  '( S/\V6 VWUDLQ DQG FORQHV ZHUH FXOWXUHG LQ =<3 DXWRLQGXFLQJ
PHGLXP >@ XVLQJ GHVFULEHG FRQGLWLRQV >@ &HOOV ZHUH KDUYHVWHG E\ FHQWULIXJDWLRQ DW
J DQG UHVXVSHQGHG LQ ,0$& EXIIHU  P0 VRGLXP SKRVSKDWH  P0 VRGLXP
FKORULGH DQGP0 LPLGD]ROHS+ DQG VWRUHGDW &XQWLO IXUWKHUZRUNXS )RU WKH
H[SUHVVLRQRI1ODEHOHGSURWHLQVWUDQVIRUPHGFORQHVZHUHFXOWXUHGLQP/RI/%PHGLXP
IRU K 7KLV FXOWXUH ZDV WKHQ WUDQVIHUUHG WR  P/ RI 3*PHGLXP >@ DQG JURZQ
RYHUQLJKW DW &  P/ RI WKLV FXOWXUH ZDV VSXQ GRZQ DW J DQG WKH SHOOHW ZDV
WUDQVIHUUHGWRP/RIDXWRLQGXFLQJPLQLPDOPHGLXPFRQWDLQLQJ1DPPRQLXPFKORULGH
>@&HOOVZHUHJURZQDQGKDUYHVWHGXVLQJWKHVDPHSURWRFRODVWKHULFKHU=<3PHGLD
 &HOOV ZHUH WKDZHG DQG GLOXWHG IXUWKHU LQ ,0$& EXIIHU FRPSOHPHQWHG ZLWK 


XQLWP/RI&U\RQDVH&ROG$FWLYH1XFOHDVH&ORQWHFK/DERUDWRULHVDQGP00J&O&HOOV
ZHUHO\VHGE\WKUHHURXQGVRIVRQLFDWLRQZLWKDPLQLQFXEDWLRQSHULRGEHWZHHQHDFKF\FOH
DW&)ROORZLQJFODULILFDWLRQRIWKHO\VDWHE\FHQWULIXJDWLRQDWJIRUKUDW&HDFK
WDUJHW IXVLRQ ZDV SXULILHG IURP WKH VXSHUQDWDQW E\ VXEWUDFWLYH LPPRELOL]HGPHWDO DIILQLW\
FKURPDWRJUDSK\,0$& LRQH[FKDQJHDQGVL]HH[FOXVLRQFKURPDWRJUDSK\6(&XVLQJWKH
SUHYLRXVO\ GHVFULEHG SURWRFROV >@ 7KH 1ODEHOHG FRQVWUXFWV ZHUH SXULILHG XVLQJ WKH
VDPHSURFHGXUHVH[FHSWWKHILQDO6(&VWHSZDVSHUIRUPHGXVLQJD6XSHUGH[*/
FROXPQSUHHTXLOLEUDWHGLQP0DPPRQLXPDFHWDWHS+FRQWDLQLQJP0'77

)RUPDWLRQRIKHWHURROLJRPHULFFRPSOH[HV
)RUDOO DQDO\VHV UHFRPELQDQW+63%DQG+63%ZHUHPL[HG LQDQHTXLPRODU UDWLR
EDVHG RQ WKHLU PRQRPHULF PROHFXODU ZHLJKW DQG LQFXEDWHG RYHUQLJKW DW & WR DOORZ
FRPSOHWHVXEXQLWH[FKDQJH)RUVL]HH[FOXVLRQFKURPDWRJUDSK\0FRUUHVSRQGLQJWR
PJPOIRU+63%RIHDFKSURWHLQZDVPL[HGLQP0+(3(6S+P01D&ODQG
P0'77SULRUWRLQFXEDWLRQ
 )RU WKH QDWLYH PDVV VSHFWURPHWU\ H[SHULPHQWV  0 RI HDFK SURWHLQ PRQRPHU
FRQFHQWUDWLRQ ZDV PL[HG LQ  P0 DTXHRXV DPPRQLXP DFHWDWH EXIIHU S+  $OO
FRPSOH[HVZHUH IRUPHGE\RYHUQLJKW LQFXEDWLRQDW&DQGZHUHIXUWKHUGLDO\]HG LQWR WKH
VDPHDPPRQLXPDFHWDWHEXIIHUFRQWDLQLQJP0'77WRHQVXUHFRPSOHWHUHPRYDORI DQ\
QRQYRODWLOH VDOW 6DPSOHV ZHUH GLOXWHG LQ WKH VDPH EXIIHU WR WKH DSSURSULDWH FRQFHQWUDWLRQ
EHIRUHDQDO\VLV 
 
$QDO\WLFDOVL]HH[FOXVLRQFKURPDWRJUDSK\
 / RI HDFK SURWHLQ RU FRPSOH[ ZDV ORDGHG RQWR D 6XSHUGH[   */
FROXPQ*(+HDOWKFDUH/LIH6FLHQFHVSUHHTXLOLEUDWHGDW&LQP0+(3(6S+
P0 1D&O DQG  P0 '77 XVLQJ D IORZUDWH RI  P/PLQ7KH FROXPQ ZDV FDOLEUDWHG
XVLQJVWDQGDUGVIURPWKH0ROHFXODU:HLJKW&DOLEUDWLRQNLWIURP*(+HDOWKFDUH/LIH6FLHQFHV
%OXHGH[WUDQ IHUULWLQ DOGRODVHFRQDOEXPLQRYDOEXPLQFDUERQLFDQK\GUDVH ULERQXFOHDVH$
DQGDSURWLQLQZHUHGLOXWHGLQWKHVDPHEXIIHUDQGUXQXQGHUWKHVDPHFRQGLWLRQV

6(&FRXSOHGVPDOODQJOH;UD\VFDWWHULQJ
 6(&FRXSOHGVPDOODQJOH;UD\VFDWWHULQJ6$;6PHDVXUHPHQWVZHUHSHUIRUPHGRQ
WKH 6:,1* EHDPOLQH DW 6ROHLO 6\QFKURWURQ *LIVXU<YHWWH )UDQFH >@ 7KH LQGLYLGXDO
V+63V RU WKH KHWHURROLJRPHULF PL[WXUH SUHSDUHG DV GHVFULEHG DERYH ZHUH ORDGHG RQWR DQ


$JLOHQW%LR6(&PPE\PPFROXPQZLWKDcSRUHVL]HDQGPLFURQEHDG
VL]H7KHFROXPQZDVSUHHTXLOLEUDWHGLQP0+HSHVS+P01D&ODQGP0
'77 DQG VHSDUDWLRQ ZDV SHUIRUPHG DW  POPLQ )RU WKH GLIIHUHQW WHPSHUDWXUH UXQV WKH
DXWRVDPSOHUSODWHFROXPQMDFNHWDQGWKHVDPSOHIORZFHOOZHUHLQFXEDWHGDWWKHVWDWHGYDOXHV
IRUDPLQLPXPRIPLQXWHVSULRUWRVDPSOHORDGLQJ
)RU HDFK UXQ6$;6IUDPHVPHDVXUHG IROORZLQJVDPSOH LQMHFWLRQEXWSUHFHGLQJ
WKH FROXPQ YRLG YROXPH ZHUH FROOHFWHG IRU EXIIHU VXEWUDFWLRQ  VDPSOH IUDPHV ZKHUH
FROOHFWHGGXULQJWKHHOXWLRQSKDVH,QERWKFDVHVWKHHOXDWHZDVH[SRVHGWRWKH;UD\EHDPIRU
PVZLWKDJDSWLPHRIPVEHWZHHQIUDPHV5DGLDODYHUDJLQJRIWKHFROOHFWHGIUDPHV
EXIIHUDYHUDJLQJDQGVXEVHTXHQWVXEWUDFWLRQIURPWKHVDPSOHGDWDZHUHSHUIRUPHGXVLQJWKH
)R[WURW DSSOLFDWLRQ 6:,1* EHDPOLQH )XUWKHU DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH +3/&
6$;6 PRGXOH ZLWKLQ WKH 8OWUD6FDQ 6ROXWLRQ 0RGHOHU VRIWZDUH SDFNDJH >@ 6FDWWHULQJ
LQWHQVLW\ SURILOHV ZHUH JHQHUDWHG E\ FRQYHUWLQJ WKH ,T GDWD IRU HDFK IUDPH WR DQ ,W SORW
ZKHUH WKHPHDVXUHG LQWHQVLW\ IRUHDFKTYDOXHZDVSORWWHGDJDLQVW WKH IUDPHQXPEHU)URP
WKLVSORWWKHILYHFXUYHVIRUORZHVWTYDOXHVZHUHVFDOHGWRWKHFXUYHZLWKWKHKLJKHVWLQWHQVLW\
DQG WKHQ DYHUDJHG )RU *DXVVLDQ ILWWLQJ RI WKH ,W SORW D K\EULG (0**0* IXQFWLRQ ZDV
HPSOR\HG 3HDN SRVLWLRQV ZHUH LQLWLDOO\ VHW EDVHG RQ WKHLU SRVLWLRQ LQ 89 FKURPDWRJUDP
7KHVHYDOXHVZHUHRQO\DOORZHGWRVKLIWE\GXULQJUHILQHPHQWRIWKH*DXVVLDQIXQFWLRQ
7KH PROHFXODU ZHLJKW RI WKH VFDWWHULQJ VSHFLHV DW D VSHFLILF HOXWLRQ SRVLWLRQ ZDV
GHWHUPLQHGXVLQJWKHFDOFXODWHG45PDVVSDUDPHWHUSHUIRUPHGLQWKHSURJUDP6FÅWWHU>@
7KH ,T GDWD FRUUHVSRQGLQJ WR WKH IUDPH DW WKH SHDN PD[LPD LQ WKH ,W SORW DQG WKH WZR
IUDPHV HLWKHU VLGH ZHUH RSHQHG DQG FRPSDUHG WR HQVXUH VLPLODULW\7KHVH FXUYHV ZHUH WKHQ
VFDOHG WRJHWKHU DQG DYHUDJHG 7KH DYHUDJHG FXUYH ZDV HPSOR\HG WR FDOFXODWH WKH 5J DQG
YROXPHRIFRUUHODWLRQ9FERWKQHFHVVDU\WRGHWHUPLQH45

1DWLYHPDVVVSHFWURPHWU\
 $OO 06 PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D TXDGUXSROHLRQ PRELOLW\WLPHRIIOLJKW
LQVWUXPHQW 6\QDSW * +'06 :DWHUV 0LOIRUG 86 >@ RSHUDWHG LQ SRVLWLYH LRQ PRGH
'DWDDFTXLVLWLRQDQGSURFHVVLQJZHUHSHUIRUPHGXVLQJ0DVV/\Q[ YHUVLRQDQGH[WHUQDO
FDOLEUDWLRQ XS WR  m/z ZDV SHUIRUPHG ZLWK &V, VROXWLRQ )RU QDWLYH 06 DQDO\VHV
DSSUR[LPDWHO\/RIVROXWLRQFRQWDLQLQJ0RISURWHLQPRQRPHUFRQFHQWUDWLRQLQ
P0 DPPRQLXP DFHWDWH S+  FRQWDLQLQJ  P0 '77 ZDV WUDQVIHUUHG WR JROGFRDWHG
FDSLOODULHV SUHSDUHG LQKRXVH DQG LQIXVHG LQWR WKH PDVV VSHFWURPHWHU XVLQJ WKH QDQRIORZ
YHUVLRQRIWKH=VSUD\LRQVRXUFH$FDSLOODU\YROWDJHRI±N9DQGPLQLPDOEDU


QDQRIORZ JDV SUHVVXUH ZHUH XVHG DQG WKH LQVWUXPHQW ZDV RSHUDWHG LQ 0RELOLW\6HQVLWLYLW\
PRGH ,QVWUXPHQW SDUDPHWHUV ZHUH DV IROORZV XQOHVV VWDWHG RWKHUZLVH VDPSOH FRQH  9
H[WUDFWLRQFRQH9EDFNLQJSUHVVXUH±PEDUVRXUFHSUHVVXUHH±HPEDU
WUDSFROOLVLRQHQHUJ\9WUDS'&ELDV9WUDQVIHUFROOLVLRQHQHUJ\9

&KDSHURQHDVVD\
 7KH V+63V ZHUH DVVHVVHG IRU WKHLU FKDSHURQLQJ FDSDELOLWLHV DV GHVFULEHG SUHYLRXVO\
>@%ULHIO\WKHVXEVWUDWHSURWHLQVKHQHJJZKLWHO\VR]\PH+(:/0U 'D\HDVW
DOFRKRO GHK\GURJHQDVH \$'+ PRQRPHU 0U  'D DQG KXPDQ LQVXOLQ PRQRPHU
0U  'D ZHUH UHVXVSHQGHG IURP D O\RSKLOL]HG SRZGHU DQG GLDO\VHG DJDLQVW  P0
SKRVSKDWHEXIIHUS+P01D&O7KHVHZHUHWKHQLQFXEDWHGLQWKHVDPHEXIIHUDWD
ILQDOFRQFHQWUDWLRQRIPJPOZLWKGLIIHULQJDPRXQWVRI+63%+63%RUDQHTXLPRODU
PL[ RI WKH WZR V+63V 7KH FDOFXODWHG VXEVWUDWHV+63 UDWLR ZDV EDVHG RQ WKH PRQRPHU
PROHFXODUZHLJKWRIHDFKVXEVWUDWH+63%0U 'DDQG+63%0U 'D
RU WKH DYHUDJHPROHFXODUZHLJKWRI+63% DQG +63%FRPELQHG IRU WKHKHWHURROLJRPHULF
PL[$JJUHJDWLRQRILQVXOLQDQG+(:/ZDVLQGXFHGE\WKHDGGLWLRQRIP0'77DW&
)RU \$'+  P0 '77 DQG  P0 ('7$ ZDV DGGHG DQG WKH PL[WXUH LQFXEDWHG DW &
&KDSHURQHDFWLYLW\ZDVPRQLWRUHGE\PHDVXULQJWKHDEVRUEDQFHDWQP
 


5HVXOWV
 
$FWLYLW\RIUHFRPELQDQWO\SURGXFHGV+63V
,W ZDV SUHYLRXVO\ UHSRUWHG WKDW +63% DQG +63% ZKHQ PL[HG LQ DQ HTXLPRODU
IDVKLRQ IRUP D EURDG SRO\GLVSHUVH SRSXODWLRQ 7KHVH HDUOLHU H[SHULPHQWV ZHUH FDUULHG RXW
XVLQJUHFRPELQDQWSURWHLQWKDWZDVSXULILHGE\DPPRQLXPVXOIDWHIUDFWLRQDWLRQIROORZHGE\
DQLRQH[FKDQJHFKURPDWRJUDSK\DQGK\GURSKRELFLQWHUDFWLRQRU6(&>@$VZHLVRODWHG
WKH SURWHLQ XVLQJ WKH 6802 IXVLRQ WHFKQRORJ\ LW ZDV LQLWLDOO\ LQYHVWLJDWHG ZKHWKHU WKHVH
UHVXOWV FRXOG EH UHSOLFDWHG$QDO\VLV RI WKH KHWHURROLJRPHULF FRPSOH[ E\ DQDO\WLFDO 6(& DW
&VKRZHGDSRO\GLVSHUVHPL[WXUHFRQWDLQLQJWZRPDLQSHDNVDURXQGDQGN'D)LJ
$6'63$*(DQDO\VLVRIWKHHOXWHGIUDFWLRQVVKRZHGDUDWLRRIERWKV+63VDFURVVWKH
ZKROHFKURPDWRJUDP)LJ%LQOLQHZLWKHDUOLHUGDWD>@
,Q DGGLWLRQ WR H[DPLQLQJ WKH VROXWLRQ SURSHUWLHV WKH FKDSHURQH DFWLYLW\ RI WKH
KHWHURROLJRPHULFVSHFLHVIRUPHGEHWZHHQUHFRPELQDQW+63%DQG+63%ZDVDOVRDVVHVVHG
8VLQJ UHGXFHG LQVXOLQ DV D VXEVWUDWH WKH KHWHURROLJRPHU VKRZHG DQ LQFUHDVHG FDSDFLW\ WR
SUHYHQWDJJUHJDWLRQZKHQFRPSDUHG WR WKHFRPSRQHQW V+63VDORQHDWDOO UDWLRV WHVWHG )LJ
& DQG 6XSSOHPHQWDO )LJ  :LWK \$'+ WKH V+63 PL[WXUH GHPRQVWUDWHG D VPDOO
HQKDQFHPHQW LQ FKDSHURQHOLNH DFWLYLW\ WKDW ZDV PRVW VLJQLILFDQW DW WKH  UDWLR EHWZHHQ
\$'+DQGWKHWZRV+63VFRPELQHG)LJ'DQG6XSSOHPHQWDO)LJ)LQDOO\XVLQJ+(:/
DVDVXEVWUDWHWKHKHWHURROLJRPHUGHPRQVWUDWHGDFWLYLW\WKDWZDVLQWHUPHGLDWHRI+63%DQG
+63% DORQH )LJ ( DQG 6XSSOHPHQWDO )LJ  1RWDEO\ DV SUHYLRXVO\ UHSRUWHG +63%
DSSHDUV WR FRDJJUHJDWH ZLWK GHQDWXUHG O\VR]\PH >@ %\ SUHPL[LQJ +63% DQG +63%
WRJHWKHUWKLVLVSUHYHQWHGEXWLWUHVXOWVLQDPLOGUHGXFWLRQLQFKDSHURQHOLNHDFWLYLW\UHODWLYH
WR+63%DORQHIRUDOOVXEVWUDWHV+63FRQFHQWUDWLRQUDWLRVWHVWHG

6(&FRXSOHG6$;6FKDUDFWHUL]DWLRQ 
7R REWDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH ELRSK\VLFDO SURSHUWLHV RI WKH GLIIHUHQW
KHWHURROLJRPHULF VSHFLHV REVHUYHG LQ DQDO\WLFDO 6(& D VLPLODUO\ SUHSDUHG VDPSOH ZDV DOVR
H[DPLQHG E\ 6(&FRXSOHG 6$;6 ,Q WKLV FDVH WKH KHWHURROLJRPHU ZDV DOVR H[DPLQHG E\
ORDGLQJ HTXLYDOHQW VDPSOH YROXPHV RI WKH VDPH SUHLQFXEDWHG PL[WXUH GLOXWHG WR GLIIHUHQW
FRQFHQWUDWLRQVRQWR WKHFROXPQ )LJ$$VEHIRUHD89FKURPDWRJUDPFRPSRVHGRI WZR
RYHUODSSLQJ SHDNV ZDV REVHUYHG EXW DW ORZHU FRQFHQWUDWLRQV WKH UDWLR RI WKH WZR SHDNV
FKDQJHGZLWKWKHORZHUPROHFXODUZHLJKWVSHFLHVEHFRPLQJPRUHGRPLQDQW([DPLQDWLRQRI
WKHSORWVRI VFDWWHULQJ LQWHQVLW\YHUVXV HOXWLRQ WLPH VKRZVD VLPLODU UHVXOW DOEHLW WKH ODUJHU


HDUOLHU HOXWLQJ VSHFLHV GRPLQDWHV WKH SURILOH UHVXOWLQJ LQ ORZHU UHVROXWLRQ EHWZHHQ WKH WZR
VSHFLHV )LJ %)RU DOO WKUHH ORDGHG FRQFHQWUDWLRQV WKHFDOFXODWHG UDGLXVRIJ\UDWLRQ 5J
DFURVVWKHZKROH6$;6HOXWLRQSURILOHDUHVLPLODU7KLVVXJJHVWVWKDWZKLOHWKHGLVWULEXWLRQRI
WKHGLIIHUHQWVSHFLHVGHSHQGVRQWKHSURWHLQFRQFHQWUDWLRQWKHVL]HVRIWKHFRPSRQHQWHQWLWLHV
UHPDLQ HTXLYDOHQW7DNLQJ WKLV LQWR DFFRXQW WKH 6$;6 GDWD IURP WKH PLGGOH FRQFHQWUDWLRQ
ZDV GHFRPSRVHG XVLQJ WZR VNHZHG *DXVVLDQV )LJ & 8VLQJ WKH 6$;6 FXUYHV IURP WKH
PD[LPDRI WKHGHFRPSRVHG*DXVVLDQSHDNVDPROHFXODUZHLJKWRIDQGN'DZDV
GHWHUPLQHG EDVHG RQ WKH FDOFXODWHG 45 SDUDPHWHU >@ 7KHVH YDOXHV DUH HTXLYDOHQW WR
KHWHURROLJRPHULFDVVHPEOLHVZLWKDQDYHUDJHQXPEHURIVXEXQLWVRIDQGUHVSHFWLYHO\
$VWKHDERYHH[SHULPHQWVZHUHSHUIRUPHGDW&ZHDOVRLQYHVWLJDWHGWKHHIIHFWRI
WHPSHUDWXUH RQ WKH UHODWLYH GLVWULEXWLRQ RI WKH KHWHURROLJRPHULF DVVHPEOLHV IRUPHG EHWZHHQ
+63%DQG+63%XVLQJ6(&FRXSOHG6$;6)LJ)RUFRPSDULVRQWKHWZRV+63VZHUH
DOVR LQGLYLGXDOO\ UXQXQGHU WKH VDPH FRQGLWLRQV)RU+63% DQG+63%DORQH UDLVLQJ WKH
WHPSHUDWXUHWRDSK\VLRORJLFDOO\UHOHYDQWYDOXHKDGDQRSSRVLWHHIIHFW,QWKHFDVHRI+63%
WKH SURWHLQ HOXWHG HDUOLHU IURP WKH %LR 6(& FROXPQ ZKLOH +63% VKRZHG D  PLQXWH
GHOD\ LQ H[LWLQJ WKH FROXPQ XSRQ UDLVLQJ WKH WHPSHUDWXUH IURP & WR & )LJ $
$QDO\VLVRI WKH6$;6GDWDVKRZHG WKDW LQ WKHFDVHRI+63% WKH UHGXFWLRQ LQ WKHHOXWLRQ
YROXPHFRUUHODWHGZHOOZLWKDQLQFUHDVHLQWKHVL]HRIWKHROLJRPHUDVGHWHUPLQHGIURPWKH5J
DQG WKH PROHFXODU ZHLJKW )LJ % 6XSSOHPHQWDO )LJ  DQG 7DEOH  6SHFLILFDOO\ WKH
REVHUYHGFKDQJHLQPDVVUHVXOWHGLQWKHUHFUXLWPHQWRIIRXUDGGLWLRQDOVXEXQLWVDW&ZKHQ
FRPSDUHGWRWKHORZHUWHPSHUDWXUHH[SHULPHQWV,QWKHFDVHRI+63%GHVSLWHWKHGUDPDWLF
LQFUHDVHLQWKHHOXWLRQYROXPHWKH5JDQGFDOFXODWHGPROHFXODUZHLJKWRIZDVVLPLODUIRUDOO
H[SHULPHQWV)LJ%DQG7DEOH7KHPHDVXUHGYDOXHVDUHFRQVLVWHQWZLWKLWSUHIHUHQWLDOO\
EHLQJ D GLPHU LQ VROXWLRQ DV KDV EHHQ SUHYLRXVO\ UHSRUWHG >@ 7KLV VXJJHVWV WKDW DW
HOHYDWHGWHPSHUDWXUHV+63%QRQVSHFLILFDOO\DVVRFLDWHVZLWKWKHFROXPQUHVLQ$VWKLVHIIHFW
LVWHPSHUDWXUHGHSHQGHQWLWLVOLNHO\WKHUHVXOWRIDQLQFUHDVHLQ+63%K\GURSKRELFLW\
$WDOOPHDVXUHGWHPSHUDWXUHVWKHSUHKHDWHGHTXLPRODUPL[WXUHRI+63%DQG+63%
VKRZHGDFOHDUSRO\GLVSHUVHHQVHPEOH)LJ$,QFRPSDULVRQWRWKHWZRV+63VDORQHWKH
HOXWLRQ SRVLWLRQ DQG DEVRUEDQFH RI WKH PD[LPD RI WKH ODUJHU KHWHURROLJRPHULF VSHFLHV
UHPDLQHGUHODWLYHO\FRQVWDQWVKRZLQJWKDWWHPSHUDWXUHKDGDVPDOOHUHIIHFWRQWKHVL]HRIWKLV
HQWLW\7KLVZDVIXUWKHUFRQILUPHGE\DQDO\VLVRIWKH6$;6FXUYHVDWWKHSHDNPD[LPDZKLFK
VXJJHVWWKHDGGLWLRQRIRQO\WZRVXEXQLWVRYHUWKHPHDVXUHGWHPSHUDWXUHUDQJH7DEOH)RU
WKHVPDOOHUWHWUDPHULFVSHFLHVREVHUYHGDVDFOHDUSHDNDWDQG&UDLVLQJWKHWHPSHUDWXUH
WR SK\VLRORJLFDO YDOXHV UHVXOWHG LQ D OHVV UHVROYHG SURILOH )LJV $ DQG $ 7KH UHODWLYH


KHLJKWRI WKLVSHDN WR WKH ODUJHU VSHFLHV UHGXFHVZKLOVW DW WKHVDPH WLPH WKHRYHUDOOSURILOH
EHFRPHVPRUHDV\PPHWULFVKRZLQJGLVWLQFWWDLOLQJWKDWH[WHQGVWRODWHUHOXWLRQYROXPHV)LJ
$DQG%7KLVEHKDYLRUSDUWLDOO\PLUURUV WKDWRI+63%DORQHVXJJHVWLQJWKDW WKHVPDOOHU
KHWHURFRPSOH[ DOVR EHFRPHV PRUH K\GURSKRELF DW HOHYDWHG WHPSHUDWXUHV UHVXOWLQJ LQ DQ
LQFUHDVH LQ QRQVSHFLILF LQWHUDFWLRQ ZLWK WKH FROXPQ PDWUL[ 'HVSLWH WKH H[WHQGHG HOXWLRQ
SURILOH FRPSDULVRQ RI WKH FDOFXODWHG 5J DFURVV WKH KHWHURROLJRPHU SHDN ZHUH VLPLODU DW WKH
GLIIHUHQWWHPSHUDWXUHV)LJV&DQG%,PSRUWDQWO\HYHQDWWKHORZHVWGHWHUPLQHGYDOXHV
WKH5JRIWKHKHWHURROLJRPHUZDVDOZD\VJUHDWHUWKDQWKDWFDOFXODWHGIRUWKHGLPHULF+63%
)LJ%7KLVVXJJHVWVWKDWXQGHUWKHVWXGLHGFRQGLWLRQVWKHFRPSOH[GRHVQRWGLVVRFLDWHWR
WKLVVPDOOHUEXLOGLQJEORFNEXWUDWKHUUHPDLQVDVDWHWUDPHULQLWVVPDOOHVWIRUP

1DWLYH06DQDO\VLV VKRZV WKDW+63%DQG+63% IRUPKHWHURGLPHUV LQ DSUHIHUHQWLDO
PDQQHU
:HDGGLWLRQDOO\DQDO\]HGWKHKHWHURFRPSOH[EHWZHHQ+63%DQG+63%XVLQJQDWLYH
06)LJ7KLVWHFKQLTXHSURYLGHVDQDFFXUDWHPHDVXUHPHQWRIWKHPROHFXODUPDVVRIWKH
VSHFLHV SUHVHQW LQ WKH JDV SKDVH DQG SHUPLWV DQDO\VLV RI WKH VL]H DQG VWRLFKLRPHWU\ RI WKH
FRPSRQHQW HQWLWLHV$QQRWDWLRQ RI WKH VSHFWUD VKRZHG WKH SUHYDOHQFH RI KHWHURGLPHULF DQG
KHWHURWHWUDPHULF SRSXODWLRQV ZLWK D ORZ DEXQGDQFH RI KLJKHU PROHFXODU ZHLJKW ROLJRPHUV
)LJ$$WWKHȝ0PJPOHPSOR\HGWKHVSHFLHVGLVWULEXWLRQH[WHQGVWKHDQDO\VLVRI
WKHHIIHFWRISURWHLQFRQFHQWUDWLRQRQROLJRPHUVL]H LQLWLDOO\SHUIRUPHGZLWK6$;6FRXSOHG
6(&)LJ$VKRZLQJDOVRDSUHGLVSRVLWLRQRI WKHKHWHURROLJRPHU WRGLVVRFLDWH LQWRVPDOO
HQWLWLHVDWORZHUFRQFHQWUDWLRQV
,PSRUWDQWO\FDUHIXOH[DPLQDWLRQRIWKH06VSHFWUXPRIWKHKHWHURROLJRPHULFPL[WXUH
VKRZHG QR SHDNV FRUUHVSRQGLQJ WR D KRPRGLPHU RI +63% RU +63% QRU SHDNV
FRUUHVSRQGLQJ WR WKH ODUJHU +63% ROLJRPHULF VSHFLHV )LJ $& 7KLV VXJJHVWV WKDW
FRPSOHWH H[FKDQJH RI WKH LQGLYLGXDO VXEXQLWV KDV RFFXUUHG IRUPLQJ HQWLWLHV EXLOW IURP D
+63% DQG +63% KHWHURGLPHU 7KLV VSHFLILF KHWHURGLPHULVDWLRQ LV VXUSULVLQJ DV UDQGRP
H[FKDQJHRI WKH LQGLYLGXDOSURWRPHUVZRXOGEH SUHGLFWHG WR OHDG WRROLJRPHUV FRQWDLQLQJD
PL[WXUH RI KHWHURGLPHUV DQG KRPRGLPHUV DW HTXLOLEULXP 6XFK VWRFKDVWLF H[FKDQJH ZDV
REVHUYHGE\QDWLYH06 DQDO\VLVRI+63% DQG +63%DORQHXVLQJPL[WXUHVRI HTXLPRODU
DPRXQWVRI1ODEHOHGDQGXQODEHOHGSURWHLQ)LJV'DQG()ROORZLQJLQFXEDWLRQXQGHU
WKHVDPHFRQGLWLRQVXVHGIRUKHWHURROLJRPHUIRUPDWLRQWKH06VSHFWUDRIHDFKV+63VKRZHG
D  UDWLR RI XQODEHOHG KRPRGLPHU KHWHURGLPHU 1ODEHOHG DQG XQODEHOHG DQG 1
ODEHOHGKRPRGLPHU UHVSHFWLYHO\7DNHQ WRJHWKHU WKHVH UHVXOWVGHPRQVWUDWH WKDWZKHQPL[HG


+63%DQG+63%KDYHDFOHDUSUHIHUHQFHWRIRUPVSHFLHVFRPSRVHGRIKHWHURGLPHUV

7KH1WHUPLQDOGRPDLQLVUHTXLUHGIRUSUHIHUHQWLDOKHWHURROLJRPHUL]DWLRQ
 7R GHOLQHDWH WKH QHFHVVDU\ UHJLRQV IRU WKLV SUHIHUHQWLDO KHWHURGLPHUL]DWLRQ ERWK
+63%DQG+63%ZHUHWUXQFDWHGWRHLWKHUWKHĮFU\VWDOOLQGRPDLQ$&'DORQHRUWKH$&'
FRQWDLQLQJWKH&WHUPLQDOGRPDLQ&7'WHUPHGǻ1)LJ1DWLYH06DQDO\VLVVKRZHGWKDW
DOOIRXUFRQVWUXFWVDORQHKDGWKHFDSDFLW\WRGLPHUL]H6XSSOHPHQWDO)LJ67KHWUXQFDWLRQV
ZHUH WKHUHIRUH DQDO\]HG IRU WKHLU FDSDFLW\ WR IRUP D KHWHURGLPHULF FRPSOH[ E\ WKLV KLJK
UHVROXWLRQPHWKRG)RUERWK WUXQFDWLRQVKHWHURGLPHULF VSHFLHVZHUHREVHUYHG WRJHWKHUZLWK
KRPRGLPHUVLQDQDSSUR[LPDWHUDWLR)LJ$DQG%LQVHUWV$OWKRXJKGHOHWLRQRIWKH
1WHUPLQDOGRPDLQV17'VGRHVQRWDSSHDUWROLPLWVXEXQLWH[FKDQJHWKHLUUHPRYDOUHVXOWV
LQDSXUHO\VWRFKDVWLFDVVRFLDWLRQRIWKHFRPSRQHQWSURWRPHUV)LJ
 8QGHUWKHFRQGLWLRQVXVHGPRQRPHULFVSHFLHVZHUHDOVRREVHUYHGLQWKHPDVVVSHFWUD
IRUDOOWUXQFDWLRQVVXJJHVWLQJWKDWWKH17'WULPPHGGLPHUVDUHOHVVVWDEO\DVVRFLDWHGWKDQWKH
IXOOOHQJWK SURWHLQV *DVSKDVH VWDELOLW\ DVVD\V RI WKH FRQVWUXFW PL[WXUHV ZKHUH WKH WUDS
FROOLVLRQ HQHUJ\ ZDV LQFUHDVHG E\  9 LQFUHPHQWV ZHUH SHUIRUPHG WR DVVHVV WKH UHODWLYH
VWUHQJWKRIWKHGLIIHUHQWGLPHULQWHUIDFHVLQWKHJDVSKDVH)LJ&DQG'6XSSOHPHQWDO)LJ
7KHUHODWLYHVWUHQJWKRIWKH$&'GLPHULQWHUIDFHLVKLJKO\VLPLODUIRU+63%+63%DQG
WKH KHWHURGLPHU )LJ & )RU WKH ǻ1 FRQVWUXFWV WKH SUHVHQFH RI WKH &7' UHVXOWHG LQ D
PRGHVWLQFUHDVHLQWKHKHWHURGLPHULQWHUIDFHVWUHQJWKZKHQFRPSDUHGWRWKHWZRKRPRGLPHU
LQWHUIDFHV)LJ'
 7DNHQWRJHWKHUERWKWKHVWRFKDVWLFH[FKDQJHRIVXEXQLWVDQGWKHVLPLODUVWDELOLW\RIWKH
KHWHURGLPHULQWHUIDFHVKRZWKDWQHLWKHUWKHVWUXFWXUHG$&'QRUWKH&WHUPLQDOUHJLRQVRIWKH
WZR V+63V KDYH D SURIRXQG UROH LQ WKH SUHIHUHQWLDO DVVRFLDWLRQ RI IXOOOHQJWK +63% DQG
+63% 7KH &7' VHHPV WR KDYH D PLOGO\ VWDELOL]LQJ HIIHFW DOWKRXJK LW GRHV QRW VHHP WR
LQIOXHQFH WKH DVVRFLDWLRQ RI ERWK FRQVWUXFWV DV WKH UDWLR RI KRPR YV KHWHURGLPHU ZDV VWLOO
DSSUR[LPDWHO\  7KH GHWHUPLQDQW UHJLRQ RI WKLV KHWHURGLPHULF DVVRFLDWLRQ LV WKXV WKH
DEVHQW17'DVHTXHQFHWKDWLVSUHGLFWHGWREHSUHGRPLQDQWO\XQVWUXFWXUHG
 


'LVFXVVLRQ

 +HWHURROLJRPHUL]DWLRQ EHWZHHQ V+63 RUWKRORJXHV KDV ORQJ EHHQ UHFRJQL]HG LQ
GLIIHUHQW RUJDQLVPV &ODVVVSHFLILF KRPRORJXHV LVRODWHG IURP VRPH EDFWHULD RU SODQWV KDYH
EHHQGHPRQVWUDWHGWRDVVRFLDWHZLWKHDFKRWKHU in vitro >@ ,QYHUWHEUDWHVFRQVLGHUDEO\
PRUHHYLGHQFHVXSSRUWVWKHH[LVWHQFHRIKHWHURROLJRPHUVin vivo&ODVVLFDOO\WKLVLQFOXGHVWKH
ĮFU\VWDOOLQVRIWKHH\HOHQVEXWQXPHURXVRWKHUYHUWHEUDWHV+63VKDYHEHHQLQGLFDWHGDVFR
DVVHPEOLQJ >@ 7\SLFDOO\ WKH LQWHUDFWLRQ EHWZHHQ WZR RU PRUH V+63V DSSHDUV WR EH
VWRFKDVWLF LQ QDWXUH ZKHUH WKH UHSUHVHQWDWLRQ RI HDFK FRPSRQHQW LQ WKH PL[HG ROLJRPHU
SXUHO\UHIOHFWVWKHLULQSXWFRQFHQWUDWLRQ>@+RZHYHUDQXPEHURIYHUWHEUDWHV+63VKDYH
EHHQVKRZQWR IRUPKHWHURROLJRPHUV WKDWFRQWDLQD IL[HG UDWLRRI WKHFRPSRQHQWSURWRPHUV
LQGHSHQGHQWRIWKHVWDUWLQJSURSRUWLRQVXVHG>@7KHPROHFXODUGHWHUPLQDQWVWKDWGHILQH
VXFKVSHFLILFLW\DUHSRRUO\XQGHUVWRRG
:H KDYH FKDUDFWHUL]HG WKH KHWHURROLJRPHUV IRUPHG EHWZHHQ KXPDQ +63% DQG
+63% WZR V+63V WKDW DUH KLJKO\ H[SUHVVHG LQ PXVFOH WLVVXH >@7RJHWKHU ERWK SURWHLQV
IRUPKLJKO\SRO\GLVSHUVHDVVHPEOLHVZKHUHWKHSUHGRPLQDQWVSHFLHVKDYHPDVVHVFHQWHUHGDW
 DQG  N'D7KLV SURILOH DV VKRZQ SUHYLRXVO\ >@ FDQ EH DOWHUHG E\ YDU\LQJ WKH
FRQFHQWUDWLRQ RI WKH V+63 PL[WXUH ZKHUH ORZHU FRQFHQWUDWLRQV IDYRU WKH VPDOOHU DVVHPEO\
)LJ  7KLV EHKDYLRU DSSHDUV WR EH D FRPELQDWLRQ RI WKH VROXWLRQ SURSHUWLHV RI WKH
FRPSRQHQW V+63V +63% IRUPV ODUJH ROLJRPHUV FRPSULVHG RI FORVH WR  PRQRPHUV
ZKHUHDV +63% LV SUHGRPLQDQWO\ IRXQG DV D GLPHU LQ VROXWLRQ 7DEOH  7KH WZR PDMRU
VSHFLHV VHHQ IRU WKH+63%+63%KHWHURROLJRPHUVDUHERWKFRQVLGHUDEO\VPDOOHU WKDQ WKH
+63% ROLJRPHUV OLNHO\ DQ LQIOXHQFH RI +63% $W WKH VDPH WLPH WKH VPDOOHU
KHWHURROLJRPHULFHQWLW\ LVSULQFLSDOO\D WHWUDPHUHYHQDW ORZFRQFHQWUDWLRQVSRLQWLQJ WR WKH
LQIOXHQFHRI+63%RQDVVHPEO\6(&FRXSOHG6$;6DQDO\VLVRIWKHHIIHFWRIWHPSHUDWXUHRQ
WKHVSHFLHVGLVWULEXWLRQRIWKHKHWHURROLJRPHUVKRZHGWKDWUDLVLQJWKHVDPSOHWRSK\VLRORJLFDO
WHPSHUDWXUHV UHVXOWHG LQ QR LQFUHDVH LQ GLVDVVHPEO\ RI WKH ODUJHU HQWLW\ ,QWHUHVWLQJO\ WKH
WHWUDPHULFVSHFLHVGHPRQVWUDWHGDQRQVSHFLILFDVVRFLDWLRQZLWKWKHFROXPQPDWUL[VLPLODUWR
WKDW RI +63% DORQH DOOXGLQJ WR DQ LQFUHDVH LQ K\GURSKRELFLW\ RI WKH SDUHQW V+63 DQG LWV
LQIOXHQFHRQWKHSURSHUWLHVRIWKHVPDOOHUKHWHURROLJRPHULFVSHFLHV)LJ
7KH UHDGLQHVV WR IRUP VPDOOHU DVVHPEOLHV W\SLFDOO\ UHFRJQL]HGDV WKHDFWLYH VWDWH LQ
WKLVIDPLO\RIFKDSHURQHV>@VXJJHVWWKDWWKH+63%+63%KHWHURROLJRPHUPD\KDYHD
KLJKHU SURSHQVLW\ WR SURWHFW GHQDWXULQJ SURWHLQV 8VLQJ +(:/ ZKLFK +63% DORQH
FRPSOHWHO\ IDLOV WR FKDSHURQH WKH KHWHURROLJRPHU GHPRQVWUDWHG D FDSDFLW\ WR SUHYHQW


DJJUHJDWLRQ DOWKRXJK QRW DV HIIHFWLYHO\ DV +63% )LJ ' :LWK \$'+ DW KLJKHU
VXEVWUDWHV+63 UDWLRV D VPDOO LQFUHDVH LQ DFWLYLW\ RYHU WKH LQGLYLGXDO V+63V ZDV REVHUYHG
ZKLOHZLWKLQVXOLQWKHDFWLYLW\RIWKHKHWHURROLJRPHUZDVVLJQLILFDQWO\JUHDWHUWKDQWKHSDUHQW
V+63V )LJV & DQG ' &RPELQHG WKHVH UHVXOWV VKRZ LQ WKH ZRUVW FDVH WKDW WKH
KHWHURROLJRPHU KDV D FDSDFLW\ WR FKDSHURQH WKDW LV HTXDO WR WKH DYHUDJH RI WKH SHUFHQWDJH
SURWHFWLRQDIIRUGHGE\+63%DQG+63%DORQH8OWLPDWHO\WKRXJKLWGRHVKLQWDWDSRVVLEOH
HQKDQFHPHQW LQ RYHUDOO FKDSHURQH DFWLYLW\ 7KH REVHUYHG UDQJH RI SURWHFWLRQ LV OLNHO\ D
OLPLWDWLRQRI WKHVXEVWUDWHV WHVWHG)XWXUHH[SHULPHQWVVKRXOG LQFOXGHDQHYDOXDWLRQRIPRUH
ELRORJLFDOO\UHOHYDQWSURWHLQVDVZHOODVDQDO\]LQJZKHWKHUWKHUHDUHGLIIHUHQFHVLQVXEVWUDWH
VSHFLILFLW\EHWZHHQWKHLQGLYLGXDOV+63VDQGWKHLUDPDOJDP
,QRUGHUWRGHOLQHDWHWKHVHTXHQFHGHWHUPLQDQWVWKDWGLFWDWHKHWHURROLJRPHUIRUPDWLRQ
EHWZHHQ WKHVH WZR V+63V ZH KDYH HPSOR\HG QDQRHOHFWURVSUD\ PDVV VSHFWURPHWU\ 8VLQJ
FRQGLWLRQVWKDWPDLQWDLQHGWKHQDWLYHVWDWHDQDO\VLVRIWKHKHWHURROLJRPHUFOHDUO\VKRZHGWKH
SUHVHQFHRI DKHWHURGLPHUDV WKH FRUHEXLOGLQJEORFNRI WKH ODUJHU DVVHPEOLHV )LJ7KLV
UHVXOW LV LQ H[FHOOHQW DJUHHPHQW ZLWK GLVXOSKLGH FURVVOLQNLQJ H[SHULPHQWV WKDW HPSOR\HG D
GRXEOH PXWDQW RI +63% DQG WKH ZLOGW\SH +63% >@ &UXFLDOO\ LQ WKH SUHVHQW VWXG\
XVLQJWKHZLOGW\SHVHTXHQFHIRUERWKSURWHLQVZHGLGQRWREVHUYHDQ\SHDNVFRUUHVSRQGLQJ
WR WKH KRPRGLPHUV RI +63% RU +63% RU KLJKHU RUGHU DVVHPEOLHV RI WKH IRUPHU 7KXV
XQGHU WKHFRQGLWLRQVHPSOR\HGVXEXQLW H[FKDQJHZDVFRPSOHWHDQGELDVHG WRKHWHURGLPHULF
DVVRFLDWLRQ 7KLV EHKDYLRU LV GLIIHUHQW WR WKH WZR V+63V DORQH WKDW GHPRQVWUDWHG VLPSOH
VWRFKDVWLF H[FKDQJH DW WKH PRQRPHU OHYHO DV REVHUYHG E\ WKH IUHH H[FKDQJH RI KHDY\ DQG
OLJKWVXEXQLWV)LJ'DQ(
6WUXFWXUDOO\ D V+63 FKDLQ FRQVLVWV RI DQ 1WHUPLQDO GRPDLQ 17' WKH FHQWUDO Į
FU\VWDOOLQGRPDLQ$&'DQGWKH&WHUPLQDOGRPDLQ&7'7KH$&'KDVDȕVDQGZLFKIROG
DQG LV UHVSRQVLEOH IRU GLPHU IRUPDWLRQ ZKLOH WKH 17' DQG &7' DUH SUHGLFWHG WR EH
GLVRUGHUHG >@ /LPLWHG SURWHRO\VLV DQG ;UD\ FU\VWDOORJUDSKLF VWXGLHV RI YHUWHEUDWH
V+63VSRLQW WR$&'DVEHLQJ WKHVROH WHPSRUDOO\VWDEOHVWUXFWXUHGUHJLRQ LQ WKHVHSURWHLQV
>@7KLVGRPDLQDQGLQSDUWLFXODU WKHȕVWUDQGIRUPVWKHSULQFLSDOGLPHULQWHUIDFH
EHWZHHQ SURWRPHUV LQ WKH KLJKHU RUGHU DVVHPEOLHV >@ ,W LV WKHUHIRUH ORJLFDO WR
K\SRWKHVL]H WKDW WKH $&' DQG WKH VSHFLILF VHTXHQFH GLIIHUHQFHV LQ WKLV UHJLRQ EHWZHHQ
+63% DQG +63% GLFWDWH WKH SUHIHUHQWLDO KHWHURGLPHUL]DWLRQ REVHUYHG ZKHQ PL[LQJ
WRJHWKHU WKH WZR IXOOOHQJWK SURWHLQV 6XUSULVLQJO\ WKRXJK WKH LVRODWHG$&'V GHPRQVWUDWHG
VWRFKDVWLFH[FKDQJHZLWKHDFKRWKHU)LJ$GGLWLRQDOJDVSKDVHVWDELOLW\H[SHULPHQWVDOVR
VKRZHG WKDW WKHVWUHQJWKRI WKH$&'GLPHU LQWHUIDFHZDVVLPLODUIRUERWK WKHSDUHQWKRPR


GLPHUV DQG WKH KHWHURGLPHU  7KHUHIRUH WKH $&' DOWKRXJK LPSRUWDQW DV WKH GLPHUL]DWLRQ
LQWHUIDFHKDVQRUROHLQWKHSUHIHUUHGDVVRFLDWLRQRI+63%DQG+63%
3UHYLRXVVWXGLHVKDYHGHPRQVWUDWHG WKDW WKH ,;,9PRWLIFRQWDLQHG LQ WKH&7'FDQ
LQIOXHQFHWKHVWUHQJWKRIWKH$&'GLPHU>@6SHFLILFDOO\VXEVWLWXWLRQRIWKHUHVLGXHV
RIKXPDQĮ%FU\VWDOOLQZLWKDODQLQHVUHGXFHGELQGLQJRIWKH&7'WRWKHȕȕIDFHRIWKH
$&' DQG UHVXOWHG LQ VWDELOL]DWLRQ RI WKH ȕPHGLDWHG GLPHU LQWHUIDFH$V +63% GRHV QRW
FRQWDLQWKHFDQRQLFDO&WHUPLQDO,;,9PRWLI)LJLWFRXOGEHUDWLRQDOL]HGWKDWWKHPL[LQJ
RIWKLVV+63ZLWK+63%ZRXOGOHDGWRDPRUHVWDEOHKHWHURGLPHULQWHUIDFHZKLFKLVLQGHHG
REVHUYHGZLWKWKHǻ1GHOHWLRQFRQVWUXFWV)LJ&DQG''HVSLWHWKLVDSSDUHQW LQFUHDVHLQ
WKHVWDELOLW\RIWKH$&'KHWHURGLPHUDWHTXLOLEULXPWKHRYHUDOOGLVWULEXWLRQRIWKHLQGLYLGXDO
WUXQFDWHGSURWRPHUVEHWZHHQKRPRDQGKHWHURGLPHULVVWLOOVWRFKDVWLFVXJJHVWLQJWKDWWKH&7'
KDVOLWWOHWRQRLQIOXHQFHRQWKHSUHIHUUHGDVVRFLDWLRQRI+63%DQG+63%
7KHYDULRXV V+63 WUXQFDWLRQVXOWLPDWHO\SRLQW WR WKH17' D UHJLRQSUHGLFWHG WREH
XQVWUXFWXUHG>@DVEHLQJHVVHQWLDOIRUGULYLQJWKHVSHFLILFKHWHURGLPHUL]DWLRQRI+63%
DQG+63%7KHLQYROYHPHQWRIWKH17'LQGHILQLQJWKHKHWHURGLPHULQWHUIDFHORFDWHGDWWKH
$&' LVTXLWH UHPDUNDEOH7UXQFDWLRQRUSRVWWUDQVODWLRQDOPRGLILFDWLRQRI WKLV UHJLRQRIWHQ
OHDGV WR VPDOOHU DVVHPEOLHV W\SLFDOO\ SRLQWLQJ WR LWV UHFRJQL]HG UROH LQ KLJKHURUGHU
ROLJRPHUL]DWLRQUDWKHUWKDQGLPHUIRUPDWLRQ>@,WZDVUHSRUWHGWKDWSKRVSKRU\ODWLRQRIWKH
1WHUPLQDOVHULQHUHVLGXHVRI+63%OHGWRDORVVRIWKHGLPHULFVXEVWUXFWXUHZLWKLQWKHODUJHU
ROLJRPHU VSHFLHV EXW WKLV ZDV K\SRWKHVL]HG WR EH WKH UHVXOW RI D UHGXFHG LQWHUDFWLRQ RI
LQGLYLGXDOVXEXQLWVZLWKLQWKHZKROHDVVHPEO\>@
,Q WKH SUHVHQW VWXG\ WKH 17'V DSSHDU WR KDYH D UROH LQ VWDELOL]LQJ WKH VPDOOHU
KHWHURGLPHUFRQWDLQLQJVSHFLHVPRVWFOHDUO\VHHQE\WKHDEVHQFHRIPRQRPHUVLQWKHQDWLYH
06DQDO\VLVRI WKH IXOOOHQJWKKHWHURGLPHULFSURWHLQFRPSDUHG WR WKH WZR WUXQFDWLRQVXQGHU
LGHQWLFDOFRQGLWLRQV)LJVDQG7KLVVXJJHVWVWKHSRVVLELOLW\RIFURVVWDONEHWZHHQRQHRU
ERWKRIWKH17'VDQGWKHKHWHURGLPHU$&'YLDDPROHFXODUPHFKDQLVPWKDWLVDEVHQWLQWKH
KRPRROLJRPHULFVSHFLHV)XWXUHH[SHULPHQWVVKRXOGDWWHPSWWRGLVFHUQWKHVSHFLILFVHTXHQFH
HSLWRSHV WKDW GHILQH WKLV LQWHUDFWLRQ ZKLFK DSSHDUV QRQWULYLDO GXH WR SRRU VHTXHQFH
FRQVHUYDWLRQLQWKHPDMRULW\RIWKH17'>@


 


&RQIOLFWRILQWHUHVWVWDWHPHQW
7KHDXWKRUVGHFODUHWKDWWKHUHLVQRFRQIOLFWRILQWHUHVWLQWKLVZRUN

$FNQRZOHGJHPHQWV
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LZHUHDOVRORDGHG&(&KDSHURQHDFWLYLW\RIWKHKHWHURROLJRPHULFFRPSOH[FRPSDUHG
WR%DQG%DORQH$JJUHJDWLRQZDVPRQLWRUHGE\IROORZLQJWKHDEVRUEDQFHDWQPIRU
 PLQ 7KH SHUFHQWDJH RI SURWHFWLRQ IRU HDFK FRQVWUXFW ZDV FDOFXODWHG DV GHVFULEHG LQ
0DWHULDOVDQG0HWKRGV&PJPOLQVXOLQLQFXEDWHGZLWK+63%RU+63%DORQHRUWKH
+63%+63% FRPSOH[ $JJUHJDWLRQ ZDV LQGXFHG E\ DGGLWLRQ RI  P0 '77 ILQDO
FRQFHQWUDWLRQSULRUWRFRQWLQXRXVPHDVXUHPHQWDW&7KHUDWLRVRIVXEVWUDWHWRV+63DUH
 EODFNEDUV JUD\EDUV DQG OLJKWJUD\EDUV 'PJPO \$'+DV
VXEVWUDWH$JJUHJDWLRQZDVLQGXFHGE\WKHDGGLWLRQRIP0'77DQGP0('7$ILQDO
FRQFHQWUDWLRQVSULRUWRPHDVXUHPHQWDW&7KHUDWLRVXVHGDUHEODFNEDUVJUD\
EDUV DQG  OLJKW JUD\ EDUV ( 7LPH GHSHQGHQW DJJUHJDWLRQ RI +(:/ )ROORZLQJ
SUHLQFXEDWLRQ DW & DJJUHJDWLRQ ZDV LQGXFHG E\ DGGLWLRQ RI  P0 '77 ILQDO
FRQFHQWUDWLRQPJPORI+(:/ZDVXVHGDVDVXEVWUDWHLQDPRQRPHUPRODUUDWLR
ZLWKWKHVSHFLILHGV+63

)LJ  6(&FRXSOHG 6$;6 DQDO\VLV RI WKH +63%+63% KHWHURROLJRPHU $ 89 EDVHG
FKURPDWRJUDP VKRZLQJ WKH HIIHFW RI WKH ORDGHG VDPSOH FRQFHQWUDWLRQ RQ WKH VSHFLHV
GLVWULEXWLRQ RI DQ HTXLPRODU PL[WXUH RI +63% DQG +63% 7KH PL[HG V+63V ZHUH SUH
LQFXEDWHGRYHUQLJKWDW&7KHKLJKHVWFRQFHQWUDWLRQVDPSOHZDVWKHQDSSURSULDWHO\GLOXWHG
LQP0+HSHVS+P01D&ODQGP0'77ȝORIHDFKVDPSOHZDVORDGHG
RQWRDQDQDO\WLFDO$JLOHQW%LR6(&FROXPQSUHHTXLOLEUDWHGLQWKHVDPHEXIIHU7KHFROXPQ
WHPSHUDWXUHZDVPDLQWDLQHGDW&%7KHFRUUHVSRQGLQJ6$;6LQWHQVLW\SURILOHVOLQHV
QRUPDOL]HG E\ WKH PD[LPD &PD[ RI WKH 89FKURPDWRJUDP VHH WKH 0HWKRGV IRU D IXOOGHILQLWLRQRIWKHYDOXHSORWWHG7KHFDOFXODWHGUDGLXVRIJ\UDWLRQ5JDFURVVWKHHOXWLQJSHDNIRU HDFK FRQFHQWUDWLRQ LV UHSUHVHQWHG DV GRWV )RU FODULW\ RQO\ HYHU\ RWKHU SRLQW LV SORWWHG
JUHGOLQHDQGGRWVJEODFNOLQHVDQGGRWVJEOXHOLQHVDQGGRWV
& *DXVVLDQ GHFRPSRVLWLRQ RI WKH LQWHQVLW\ SURILOH RI WKH  J ORDGHG VDPSOH 7KH
PHDVXUHGLQWHQVLWLHVDQGFDOFXODWHG5JDFURVVWKHZKROHSHDNDUHDUHVKRZQLQEODFNOLQHVDQGGRWV UHVSHFWLYHO\ 7KH WZR VNHZHG *DXVVLDQ ILWV EOXH DQG F\DQ DQG WKHLU VXP UHG DUH
VKRZQRYHUOD\LQJWKHLQWHQVLW\GDWD7KHFRUUHVSRQGLQJFDOFXODWHG5JDFURVVWKHGHFRPSRVHGSHDNVDUHVKRZQLQWKHVDPHFRORXUV

)LJ  (IIHFW RI WHPSHUDWXUH RQ +63% DQG +63% DQG WKHLU KHWHURROLJRPHULF FRPSOH[HV
$ 2YHUODLG 89 FKURPDWRJUDPV RI 6(& UXQV RI +63% DQG +63% DORQH DQG WKHLU
HTXLPRODUPL[WXUHDWYDULRXVWHPSHUDWXUHV7KHPL[HGV+63VZHUHSUHLQFXEDWHGRYHUQLJKWDW
&  ȝO RI HDFK VDPSOH ZDV ORDGHG RQWR DQ DQDO\WLFDO$JLOHQW %LR 6(& FROXPQ SUH
HTXLOLEUDWHGLQP0+HSHVS+P01D&ODQGP0'77%RWKWKHDXWRVDPSOHU
DQG WKH FROXPQ ZHUH SUHLQFXEDWHG DW WKH VWDWHG WHPSHUDWXUHV IRU  PLQXWHV EHIRUH
DSSOLFDWLRQ RI WKH VDPSOH7KH YHUWLFDO GDVKHG OLQHV FRUUHVSRQG WR WKH PD[LPD SRVLWLRQ IRU
+63%DQG+63%DW&%2YHUODLG6$;6LQWHQVLW\SURILOHVRI+63%DW&GDVKHG
UHGOLQHDQG&UHGOLQH+63%DW&GDVKHGEOXHOLQHDQG&EOXHOLQHDQGWKH


KHWHURROLJRPHULFPL[DW&EODFNOLQH7KHFRUUHVSRQGLQJ5JIRUHDFKSHDNDUHVKRZQDV
HPSW\&RUILOOHG&FLUFOHVLQWKHVDPHFRORXUDVWKHUHVSHFWLYHLQWHQVLW\SORW

)LJ  1DWLYH PDVV VSHFWURPHWU\ DQDO\VLV RI +63% +63% DQG WKHLU KHWHURROLJRPHULF
FRPSOH[HV $QQRWDWHG VSHFWUD IURP QDWLYH 06 RI WKH +63%+63% KHWHURFRPSOH[ $
+63%%DQG+63%&)RUHDFKVDPSOHDQHTXLYDOHQWRI0PRQRPHUFRQFHQWUDWLRQ
RI SURWHLQ GLOXWHG LQ  P0 DPPRQLXP DFHWDWH S+  FRQWDLQLQJ  P0 '77 ZDV
DQDO\]HGRQD6\QDSW*+'06:DWHUV&KDUJHVWDWHVDQGWKHVSHFLHVLGHQWLW\DUHLQGLFDWHG
DERYH HDFK SHDN  7KH QXPEHU RI FLUFOHV DERYH WKH DQQRWDWHG SHDNV FRUUHVSRQGV WR WKH
ROLJRPHULF VWDWH RI WKH LGHQWLILHG VSHFLHV '$ ]RRP LQ RI WKH  FKDUJH VWDWH IURP WKH
QDWLYH06SURILOHRI+63%WKDWKDGEHHQSUHPL[HGZLWKHTXLPRODUDPRXQWVRI1ODEHOHG
+63%($]RRPRIWKHFKDUJHVWDWHIURPWKHQDWLYH06SURILOHRI+63%SUHPL[HG
ZLWKHTXLPRODUDPRXQWVRI1ODEHOHG+63%

)LJ  +63% DQG +63% GHOHWLRQ FRQVWUXFWV 7KH GLIIHUHQW V+63 WUXQFDWLRQV DQG WKHLU
UHVLGXH UDQJHV DUH VKRZQ UHODWLYH WR WKH FRUUHVSRQGLQJ IXOOOHQJWK SURWHLQ 'RPDLQ
ERXQGDULHVIRUWKH$&'DUHEDVHGRQ;UD\FU\VWDOVWUXFWXUHV>@ 7KH17'DQG&7'IRU
ERWK FRQVWUXFWV DUH VKDGHG LQ JUD\ 7KH VHTXHQFH DQG SRVLWLRQ RI WKH KLJKO\ FRQVHUYHG &
WHUPLQDO,;,9PRWLILVVKRZQIRU+63%

)LJ  1DWLYH PDVV VSHFWURPHWU\ DQDO\VLV RI WUXQFDWHG +63% DQG +63% FRQVWUXFWV $
1DWLYH06RIWKHKHWHURROLJRPHULFPL[WXUHRI+63%$&'DQG+63%$&'LQDUDWLR
%1DWLYH06RIWKHKHWHURROLJRPHULFPL[WXUHRI+63%ǻ1DQG+63%ǻ1LQDUDWLR
&*UDSKVKRZLQJWKHUHVXOWVRIWKHJDVSKDVHVWDELOLW\DVVD\ZKHUHWKHWUDSFROOLVLRQHQHUJ\
ZDV LQFUHDVHG ZLWK  9 LQFUHPHQWV RQ WKH VDPSOH FRQWDLQLQJ WKH HTXLPRODU PL[WXUH RI
+63%$&'DQG+63%$&'RUDQJHOLQH+63%$&'DORQHUHGOLQHDQG+63%$&'
DORQHJUHHQ OLQH '*UDSKVKRZLQJ WKHUHVXOWVRI WKHJDVSKDVHVWDELOLW\DVVD\ZKHUH WKH
WUDS FROOLVLRQ HQHUJ\ ZDV LQFUHDVHG ZLWK  9 LQFUHPHQWV RQ WKH VDPSOH FRQWDLQLQJ WKH
HTXLPRODUPL[WXUHRI+63%ǻ1DQG+63%ǻ1 RUDQJHOLQH+63%ǻ1 UHGOLQHDORQH
DQG+63%ǻ1DORQHJUHHQOLQH,QVHUWVLQSDQHOV$DQG%VKRZUHODWLYHDEXQGDQFHVRI
WKHGLIIHUHQWKRPRDQGKHWHURGLPHUVDVGHWHUPLQHGDIWHUVSHFWUDOGHFRQYROXWLRQ1RUPDOL]HG
FROOLVLRQ HQHUJLHV LQ SDQHOV & DQG ' ZHUH FDOFXODWHG DFFRUGLQJ WR VWDQGDUG SURFHGXUHV
>±@'RWWHGOLQHVLQ&DQG'LQGLFDWHWKHHQHUJ\UHTXLUHGWRREWDLQGLVVRFLDWLRQ
\LHOG
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